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Molecular nutrition has emerged as a new area in 
nutritional science following both advances in mo-
lecular biology and requirements for explaining the 
organism’s responses to nutrients at a molecular level. 
These include gene expression, signal transduction, 
and covalent modifications of proteins (Müller and 
Kersten, 2003). Jacob and Monod (1961) first de-
veloped the lactose operon theory, which is the first 
example of gene regulation by a nutrient. Shapiro et al. 
(1969) isolated pure lactose operon DNA from 
Escherichia coli, thereby fully demonstrating the 
lactose operon model of Jacob and Monod (1961). 
Gene-nutrient interactions are the paradigm for the 
interplay between the genome and the environment. 
Every nutritional process relies on the interplay of a 
large number of proteins encoded by mRNA mole-
cules that are expressed in a given cell. Alterations of 
mRNA levels and in turn of the corresponding protein 
levels (although the two variables do not necessarily 
change in parallel) are critical parameters in control-
ling the flux of a nutrient or metabolite through a 
biochemical pathway. Thus, molecular nutrition 
helped address fundamental questions of health and 
provided exquisite mechanistic explanations of the 
cause and effect. 

Applications of “omics”, such as genomics, 
transcriptome, proteome, and metabolome, facilitated 

molecular nutrition understanding (Afman and Müller, 
2006). For example, Kitajka et al. (2004) investigated 
the brain gene-expression changes in response to 
different polyunsaturated fatty acid (PUFA)-enriched 
diets in rats using a high-density microarray. They 
found that PUFA-enriched diets lead to significant 
changes in expression of several genes in the central 
nervous tissue, and these effects appear to be mainly 
independent of their effects on membrane composi-
tion, facilitating the understanding of the beneficial 
effects of the ω-3 PUFA on the nervous system. Son 
et al. (2013) investigated the mechanism underlying 
increased use of the amino acid glutamine to fuel 
anabolic processes in pancreatic ductal adenocarci-
noma (PDAC) cells using metabonomics technology. 
They established that reprogramming of glutamine 
metabolism is mediated by oncogenic KRAS via the 
transcriptional upregulation and repression of key 
metabolic enzymes in this pathway.  

 
 

In this issue  
 

We were lucky to recruit scientists that are active 
in the animal molecular nutrition field to share their 
research data and perspectives. First, Yuan et al. 
(2015) describe some nutritional strategies, such as 
modestly high-energy diets (Ashworth et al., 1999), 
vitamin A (Whaley et al., 2000), and L-arginine 
(Quesnel et al., 2014) supplementation in diet, for 
decreasing the ratio of intra-uterine growth restriction 
(IUGR) piglets in newborn piglets. Nie Y.F. et al. 
(2015) summarize the cross-talk between bile acids 
and intestinal microbes in host metabolism and health. 
The potential nutritional strategies used to regulate 
the cross-talk between bile acids and intestinal mi-
crobes for improving animal health deserve our  
attention. 
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In this issue, Xie et al. (2015) and Chen et al. 
(2015) both investigate the gene expression profiling 
of nutrient transporters, which mediate the absorption 
of nutrients in animal gastrointestinal tracts to provide 
some information for nutritional strategies. Xie et al. 
(2015) found that the duodenum is the predominant 
location within the non-mesenteric digestive tract for 
producing milk protein precursors and had the great-
est potential for absorption of soluble non-ammonia 
nitrogen (SNAN) in the form of peptide-bound amino 
acids (PBAA) in the non-mesenteric gastrointestinal 
tissues of dairy cows. Chen et al. (2015) found that 
the gene expressions of b0,+AT, EAAT3, PepT1, LAT4, 
NHE2, NHE3, and y+LAT2 in the small intestine had 
positive correlations with both body weight and in-
testinal weight of the domestic pigeon. However, 
mRNA expression levels of CAT1, CAT2, EAAT2, 
SNAT1, and SNAT2 in the small intestine had the 
opposite.  

How dietary components modulated animal 
growth and health is the research hot topics in animal 
nutrition. In this issue, many researchers investigate 
the effects of dietary components on gene expression 
profiling in animals to provide some explanations for 
animal growth and metabolism alteration. Wu et al. 
(2015) focus on the effects of dietary protein level on 
the expression of amino acid transporters in weaned 
piglets. Compared with 17% crude protein (CP) group 
and 20% CP group, the 14% CP group presented the 
lowest average daily feed intake (ADFI) and average 
daily gain (ADG), as well as the expression of ASCT2, 
4F2hc, and ATB0 mRNA in the jejunum, indicating 
that a 14% CP diet supplemented with crystalline 
amino acid (AA) may not transport enough AA into 
the body to maintain growth performance in piglets. 
Gao et al. (2015) demonstrated that L-leucine and 
L-histidine supplementation in medium both can up-
regulate milk proteins, such as α-casein, β-casein, and 
κ-casein synthesis via the activation of mammalian 
target of rapamycin (mTOR) pathway in bovine 
mammary epithelial cells. Nie C.X. et al. (2015) 
found that fermented cottonseed meal (FCSM) sup-
plementation in the diet can modulate the tissue lipid 
metabolism and hepatic metabolomic profiling in 
broiler chickens. FCSM intake significantly de-
creased the levels of abdominal fat and hepatic tri-
glycerides and downregulated the mRNA expression 
of fatty acid synthase and acetyl CoA carboxylase in 
liver tissues and the lipoprotein lipase expression in 

abdominal fat tissues. FCSM supplementation in the 
diet also resulted in significant metabolic changes of 
multiple pathways in the liver involving the tricar-
boxylic acid cycle, synthesis of fatty acids, and the 
metabolism of glycerolipid and AAs. Dai et al. (2015) 
investigated the possibility of enhancing the health of 
laying hens by reducing housing density and by die-
tary supplementation with taurine. Dietary taurine 
supplementation improved egg production as previ-
ously reported by Wang et al. (2010). Given that ov-
iduct health is closely related to egg production, Dai 
et al. (2015) hypothesized that dietary taurine sup-
plementation is linked to increased egg production via 
improved oviduct function. Interestingly, the oviducts 
of laying hens reared in a high-density environment 
could be protected from injury by dietary taurine 
supplementation. The attenuation of oviducts damage 
was associated with less oxidative stress, less in-
flammatory cell infiltration, and lower levels of in-
flammatory mediators in the oviduct of laying hens. 
Previous studies have demonstrated that non-starch 
polysaccharide enzymes (NSPEs) can enhance animal 
growth performance and improve nutrient absorption 
and immunity, indicating that NSPEs play a versatile 
role in regulating metabolic pathways (Ao et al., 2010; 
Zduńczyk et al., 2013). However, little is known 
about how NSPEs regulate skeletal muscle metabo-
lism. Zhang et al. (2015) used an isobaric tag for 
relative and absolute quantification (iTRAQ) tech-
nology to identify the differentially expressed pro-
teins in the longissimus muscle (LM) of growing pigs 
with dietary NSPE supplementation. Functional anal-
ysis of the differentially expressed proteins showed an 
increased abundance of proteins related to energy 
production, protein synthesis, and so on. Liang et al. 
(2015) found that alfalfa saponin extract (ASE) could 
upregulate mRNA expression of low density lipo-
protein receptor (Ldlr) and downregulate mRNA 
expression of liver X receptor α (LXRα) and farnesoid 
X receptor (FXR) in Buffalo rat liver (BRL) cells. 
Therefore, ASE might ameliorate hepatic steatosis by 
regulating genes involved in the cholesterol metabo-
lism. These results indicated that ASE has a great 
potential as a natural agent for attenuating hyper-
lipidemia. Lei et al. (2015) attempted to elucidate the 
effects of prebiotic Bacillus subtilis B10 on the reg-
ulation of high-fat diet (HFD)-induced obesity. They 
added 0.1% Bacillus subtilis B10 into HFD and 
demonstrated that Bacillus subtilis B10 may act as a 
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beneficial probiotic in the context of obesity and ox-
idative stress.  

We are just entering the era of postgenomic re-
search, and there is no doubt that molecular nutri-
tional science is going to be of central interest as 
nutrients and other food components are the key 
factors in affecting gene and protein activities. The 
ultimate goals in the application of the powerful 
“omics” techniques are to expand our understanding 
of metabolism and nutrition and to determine how this 
relates to animal health and disease. 
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中文概要 
 
题 目：分子营养学：解析营养物质在体内的消化、吸收

和代谢过程的分子机理 

概 要：分子营养学是营养科学近年来发展的一个重要研

究方向，主要研究营养物质在动物机体内消化、

吸收、代谢与利用等过程中的分子机理。随着组

学技术渗透到营养科学研究领域，分子营养学得

到迅猛的发展。营养物质在消化、吸收和代谢过

程中的分子机理解析有助于进一步揭开动物营

养学研究领域的“黑箱”理论，为动物健康养殖

提供科学依据。 

关键词：分子营养学；组学技术；吸收；代谢 

 

 

 

 

 

 

 

 


